To assess deformation issues in SiC/Si, different pre-growth procedures were investigated, involving the addition of SiH 4 to C 3 H 8 during the temperature ramps used for the carbonization. 3C-SiC layers were deposited on (001) and (111) Si substrates by VPE. The mechanical deformation of the wafer was measured by makyoh, obtaining 2D maps of the entire wafers. For the same pre-growth procedures, the substrate curvature depends strongly on the orientation of the substrate, (001) or (111), being generally lower for (111) substrates. The deformation results were compared with XRD and Raman spectroscopy. Plastic deformation of the substrate was evidenced by XRD, while the presence of tensile stress is suggested by Raman analysis.
Silicon carbide (SiC) is an attractive material for the realization of devices and Micro Electro Mechanical Systems (MEMS) for novel devices [1] , [2] . The cubic phase (3C-SiC) can be conveniently deposited on Si wafer, enabling the low cost and large area growth. However, 20% lattice and 8% thermal mismatch between 3C-SiC and Si may lead to high residual stress and create a highly defective layer at the SiC/Si interface. Usually this is addressed by depositing a thin carburisation layer on the Si before the growth. However, large bending and warping of 3C-SiC/Si wafers are still reported, with complex shape depending on the growth recipes [3] . This can pose several problems in device post-processing and may make photolitographic processes impossible.
We studied the deformation of 2" silicon wafers on which epitaxial 3C-SiC was grown using different carburisation procedures by makyoh topography. The results were compared with X-Ray Diffraction (XRD) and Raman spectroscopy, in order to analyze stress in the 3C-SiC films. Finding 3C-SiC deposition conditions to reduce wafer deformation while maintaining good mechanical properties is crucial to realize MEMS structures. 3C-SiC growth was performed in a home made Vapor Phase Epitaxy (VPE) reactor equipped with a quartz reactor chamber and induction heating [4] . SiH 4 and C 3 H 8 (3% in hydrogen) were used as precursors, with H 2 as the carrier gas. 2'' (001) and (111) Si wafers were used as substrates.
The growth procedure included a dip etching of the Si substrates in HF:H 2 O=1:10, thermal treatment in the growth chamber with H 2 at 1000 °C for 10 minutes, a carburisation step, 3C-SiC growth at 1200 °C for 10 minutes with C/Si ratio of 1.6.
Three alternative procedures were adopted for the carburisation: A) the temperature was lowered to 400°C, 3 sccm of C 3 H 8 were injected in the growth chamber and the temperature was raised to 1100°C in about 2 minutes. This temperature was then kept for 5 
minutes to complete the carburisation. The propane flow was then interrupted while the temperature was raised to 1200°C for the following growth step. B) the procedure was the same as (A) but with 0.1 sccm of SiH 4 added to the 3 sccm of C 3 H 8 while the temperature was raised from 400°C to 1100°C. C) the procedure was the same as (A) but C 3 H 8 and SiH 4 were injected during the temperature ramp from 1100°C to 1200°C.
Deformation maps were obtained by makyoh topography [5] . SiC thickness was measured by optical reflectivity, considering a refractive index of 2.55 + 3.41 x 10 -4 x λ -2
Micro-Raman measurements using a 532 nm laser line assessed the crystalline quality and residue stress of the deposited SiC films. The crystalline structure was investigated by powder X-ray while the elastic or plastic nature of the deformation were investigated using a Philips Expert-Pro diffractometer in reflection and transmission geometry.
Due to the depletion of SiH 4 (the growth limiting specie) along the growth tube, thickness of the SiC film falls from about 1.2 µm from the gas inlet to 200 nm on the gas outlet side of the wafer. Fig. 1 reports a deformation map over (111) Si wafer processed with carbonization C. Complex saddle deformation is evident. Starting from the 2D maps, deformation profiles along the flow direction were extracted, and from these the curvature k (inverse of the radius of curvature) was calculated by the equation (1) [7] : results are shown in Fig. 2 .
Large curvature is evident with carburisation process B) and marked difference is observed between samples using (001) and (111) Si substrates: lower values of k are obtained for (111) Si: using (111) Si could help in reducing curvaturerelated issues in 3C-SiC/Si wafers at this growth temperatures.
XRD measurements were carried out to analyze the structure of the layers and the wafer curvature. Powder diffraction confirmed the presence of (002) and (111) peaks for SiC grown on (001) and (111) Si respectively at about 41.5° and 35°.
Observation by optical microscope revealed the presence of cracks on the surface on both kinds of substrates., which could be the outcome of the plastic deformation.
Samples grown with carburization protocol B were further considered to investigate the elastic or plastic (i.e. induced by generation of dislocation) nature of the deformation process. " ! # !
A purely elastic deformation of the wafer is expected to induce a variation of the lattice parameter along the substrate thickness, which should produce a broadening of its Laue transmission diffraction peak proportional to the curvature k. Experimental measurements were performed acquiring ω-2θ scans and using a Ge (220) crystal analyser, to distinguish the effect of lattice planes curvature from the lattice parameter variation on the peak broadening. An average 440 Laue peak broadening (FWHM) of about 20÷23 arcsec was measured, definitely lower than the broadening estimated from the curvature radii (FWHM up to 90 arcsec). This indicates that the deformation is mainly plastic. Carburisation A) seems to have the same influence on both (001) and (111) substrates, while processes B) and C) gave better results on Si (111) substrates.
Micro-Raman spectra measured in the wafer centre are shown in fig. 3 . The peaks at 793 and 968 cm -1 correspond to 3C-SiC transverse optical (TO) phonon and longitudinal optical (LO) phonon respectively, while other peaks correspond to Si substrate [8] . The comparison between Raman spectra acquired in different areas (not shown here) indicates that the crystalline quality at the middle and gas outlet positions of the wafer is better than at the gas inlet.
Raman peaks are sensitive to internal stress [8] : by fitting TO peak to the model proposed by Olego et al. [9] , tensile stress in the order of 0.5 -1 GPa is obtained. This result is different from the one obtained by using the standard Stoney formula [10] considering the local thickness and the local curvature values (3 -4 GPa). Results suggest that the observed curvature could not simply due to the film strain, but there is also a component due to the plastic deformation of the substrate. It is however to be considered that this are only qualitative results, since it may be inappropriate to apply Stoney formula since SiC is not uniform and strain gradients may be present [4] , [11] , [12] . 
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In order to explain the SiC/Si deformation, thermal coefficient and/or lattice mismatch have been considered [13] , [14] . The existence of tensile stress, as indicated by Raman spectroscopy, should lead to concave wafer warp only. However, we observed concave, convex and saddle profiles, so it seems that any stress calculation based only on curvature and Stoney formula may lead to inaccurate results. We also measured Si wafer curvature after thermal etch and after a whole thermal process identical to the one of the SiC growth, but without growing any SiC layer. The results indicated that the deformation of Si wafer due to thermal process is much lower than that observed once the SiC layer is deposited on the substrate, showing that the film has a primary role in warping the substrate.
Aside from thermal and lattice mismatch, additional and more complex stress mechanisms should be taken into consideration. Chemical mechanism may also come into play, which could be caused by interdiffusion between growing film and substrate during growth [11] Different carburisation procedures have been examined to assess their influence on wafer deformation during the epitaxial growth of 3C-SiC on Si (100) and (111) wafer substrates. Wafer warp is less for Si (111) substrates compared with that for Si(100). For SiC growth on Si (100), the insertion of SiH 4 at low temperatures greatly increased the warp, due to plastic deformation of the Si substrate. The stress in the SiC films was tensile irrespective of the curvature profiles. The curvature variation within the individual wafers is probably due to the combination of lattice and thermal mismatch as well as interdiffusion, which are different across the wafers even under the same growth procedures.
